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Abstract
The Florida manatee (Trichechus manatus latirostris), a subspecies of the West
Indian manatee, is one of the most endangered marine mammals in United States waters.
The Florida manatee is the only manatee that ranges into subtropical and temperate
regions. During the winter months manatees adopt a “refuging strategy” where they
aggregate at warm-water sources immediately following decreases in the ambient water
temperature to below 20o C (68o F) in order to avoid cold stress syndrome (CSS). During
the winter manatees aggregate in warm water refuges, including natural warm water
springs and the effluent discharges of power plants.
The purpose of this study was to determine the number of manatees that aggregate
and utilize the waters of the Florida Power and Light (FPL) Plant in Port Everglades
(PPE), Florida, its effluent canal, and the surrounding Intracoastal Waterway during the
winter months. This study documents the importance of Port Everglades as a wintering
refuge for the Florida manatee. This study analyzed the inverse relationship between the
number of manatees present at a warm water effluent and water temperature.
In this study data were collected over five manatee winter seasons (between 15
November and 31 March) from 1999-2004, from both boat-based and land-based surveys
monitoring the presence of manatees in the effluent canal from the FPL electricity
generating facility in Port Everglades, FL and the Intracoastal Waterway. Findings
indicated that there was an inverse relationship between the number of manatees present
and water temperature, where more manatees were present in cooler months, and fewer in
warmer months. This study also analyzed the parameters of Catch per Unit Effort
(CPUE) as well as heating degree-days and their effect on and relationship to the number
of manatees present. The higher the heating degree-days number, the more severe, or
cold, winter this indicates. The year with the highest heating degree-days, 24.98, was the
2002-2003 season, which was also the season with the highest number of manatees
observed, 393, and the highest CPUE, 10.62 manatees/day.

Keywords: Florida manatees, sirenian, cold stress syndrome, warm water refuge, heating
degree-days, anthropogenic threats, power plant, FPL, deregulation, repowering
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II.

INTRODUCTION

A.

Overview

The official State Marine Mammal of Florida is the Florida manatee (Trichechus
manatus latirostris), and it is one of Florida’s most common marine mammals (Reynolds
& Wells 2003). The Florida manatee, a subspecies of the West Indian manatee, is one of
the most endangered marine mammals in United States waters according to the
International Union for Conservation of Nature (IUCN), U.S. Marine Mammal
Commission, and other sources (Langtimm et al. 1998). The best available current
minimum population estimate for the Florida manatee is 3,802 animals, based on a single
synoptic survey of warm-water refuges in January 2009 by the Florida Fish and Wildlife
Conservation Commission (FWC), Fish and Wildlife Research Institute (FWRI) Manatee
Synoptic Aerial Surveys 2009, as reported in the 2009 Stock Assessment Report, or SAR
(Waring et al. 2009). Although the official 2010 SAR is not yet published, which will
outline the 2010 Florida manatee true population estimate, the FWRI and FWC report
that highest number of manatees counted in a statewide synoptic survey conducted
January 12–15, 2010 was 5,076 individuals (FWRI 2010). As of the 2007 Five Year
Review by the U.S. Fish and Wildlife Service, the West Indian manatee population
appears to be experiencing stable to increasing growth, in addition to good reproductive
rates and high adult survival rates (U.S. Fish and Wildlife Service 2007).
Manatees are large herbivorous mammals with K-selected life history characteristics
including uniparity, a long gestation period, a long life span, extended parental care, and
low fecundity (Deutsch et al. 2003). Because of these life history traits, manatees are
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particularly susceptible to population decline and extinction with any increase in
mortality rates (O’Shea et al. 1985). Anthropogenic, or human caused disturbances, such
as boat collisions, flood gate entrapment, habitat destruction, pollution, and debris are
major factors contributing to manatee mortality (Langtimm et al. 1998). The most
common anthropogenic cause of death for the Florida manatee is watercraft-related
(Rommel et al. 2007).
The Florida manatee is generally considered to be a large yet gentle marine mammal
that at one time flourished in the southeastern waters of the United States (Douglas
1982), but is today on the federal endangered species list.

Although there are no

historical data available on population size and distribution, it is known that the manatee
was killed in large quantities during the 16th through 19th centuries for such
commodities as meat, oil, and hides (Twiss 1979; Zeiller 1992) until 1893 when the
killing of manatees was outlawed by the state of Florida (Haddad 2002).
Much like the waters they inhabit, manatees are slow moving. Their range extends
from the coastal waters of Rhode Island to Texas, and they can be found in the winter on
both the east and west coasts of Florida in coastal areas, inshore estuaries, and rivers
(Douglas 1982). But, the only year round manatee population in the United States is
found in Florida (Humphrey 1992). In winter, manatees particularly like to aggregate in
warm water refuges, including natural warm water springs and the effluent discharges of
power plants.
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B.

Species Description

The Florida manatee, or “sea cow”, is one of North America’s largest coastal
mammals (Scott 2004; Reep & Bonde 2006). The name “manatee” may have been
derived from “manati,” a Haitian word meaning “big beaver” or from “manos,” a Spanish
word meaning “hands,” a reference to the dexterity of manatee fore-flippers (Zeiller
1992). The species name “manatus” actually means “having hands” which refers to the
dexterous use of their paddle-like forelimbs, or flippers (Scott 2004). They can actually
use these flippers to steer, “walk” along the bottom, grasp or dislodge vegetation from the
bottom with the 3-4 heavy nails on each flipper, and touch or guide other manatees,
including calves.
Typically, a wild Florida manatee can live 60-70 years (Scott 2004; Reep & Bonde
2006). The Florida manatee is the largest extant sirenian (Reynolds & Wells 2003).
Female manatees tend to be longer and heavier than males, but in general both sexes of
adult manatees average 3.5 m (11.5 ft) long and over 1,000 kg (2,200 lbs), with some in
the upper range exceeding 1,588 kg (3,500 lbs) (Scott 2004; Reynolds & Wells 2003).
Newborn manatees average 1.2 m (4 ft) long, typically weigh more than 27 kg (60 lbs),
and grow quickly to a sub-adult stage by three years of age with lengths exceeding 2.5m
(8 ft) and weights over 250 kg (550 lbs) (Reynolds & Wells 2003).
The body of the manatee is sparsely covered with small, thick, evenly distributed
hairs and they will frequently have barnacles and algae growing on their brown to gray
skin (Scott 2004; Reep & Bonde 2006). They have a broad back, rounded paddle like
tail, and no dorsal fin (Folkens & Reeves 2002).
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Manatees have a large, horizontally flat paddle-like tail which they use for both
propulsion and as a rudder in the water (Scott 2004; Reep & Bonde 2006). Often a
bystander can observe the “footprint” that a manatee leaves with its paddle, which
resembles a smooth round or oval pattern in the water, as it swims along or submerges,
which aids in locating manatees in a waterway. Manatees may remain submerged for up
to 15 minutes, often resting on the bottom (Scott 2004). One unique feature of the
manatee is that, unlike other mammals, the lungs and diaphragm run in a dorsal plane,
instead of in a transverse plane (Scott 2004).
Manatees are known for their “marching teeth.” Their molar teeth resemble those of
its closet living terrestrial relative, the elephant, with the front teeth wearing down from
the consumption of hundreds of kilograms of coarse vegetative matter daily, and rear
replacement of teeth that move, or march, slowly forward to replace them (Scott 2004;
Reep & Bonde 2006). The flexible, muscular upper lip of the West Indian manatee is
dexterous and used to grab and maneuver food into the mouth. It is cleft and has bristles,
or vibrissae, on them for sensing and aiding in dexterity (Humphrey 1992; Reynolds &
Wells 2003). Manatees have nostrils with specialized valves that close and keep water
out while submerging and submerged (Scott 2004). Often you can hear a manatee
breathe as they surface and open their nasal valves, which let out an audible sound of air.
Manatees are able to see long distances, and have small, deep set eyes that are
covered by a protective membrane (Scott 2004). Manatees have no visible external ears,
instead relying on internal ears which enable them to hear fairly well (Scott 2004).
Female manatees produce offspring every 2-3 years (Scott 2004; Reep & Bonde
2006). Since female manatees normally produce only one calf at a time, and care for it
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for up to 3 years, population growth is very slow and prenatal deaths reduce this growth
even more.

These life history characteristics cause the maximum potential rate of

population increase for the manatee to be low. The manatee population is most sensitive
to changes in adult survival and, secondarily, sub-adult survival, which are both
especially critical to preventing population declines (Runge et al. 2004).

This low

maximum potential rate of population increase causes Florida manatees to be extremely
vulnerable to increases in mortality factors (Humphrey 1992). The number of adults
killed by boat strikes and sub-adults killed by cold stress from record low temperatures
creates concern for the population stability of the Florida manatee.
Because of the large number of dead manatees recovered in Florida, the relatively
small number of animals in the State, and their inherently low reproductive rate, the longterm survival of the Florida manatee in the southeast United States is of concern.

C.

Taxonomy

The Florida manatee (Trichechus manatus latirostris) is in the Family Trichechidae,
Order Sirenia, Class Mammalia, Phylum Chordata, Kingdom Animalia. Manatees are
marine mammals of the Order Sirenia, which consists of the West Indian manatee
(Trichechus manatus), the West African manatee (Trichechus senegalensis), the
Amazonian manatee (Trichechus inunguis), the dugong (Dugong dugon), and Steller’s
sea cow (Hydrodamalis gigas), which is now extinct (Hotta 1996).
The Florida manatee (Trichechus manatus latirostris) is one of the two subspecies of
the West Indian manatee. Domning and Hayek (1986), as cited by Humphrey (1992),
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recommended the usage of the common names for these two subspecies of the West
Indian manatee, whose populations are separated geographically by the Straits of Florida
and Gulf of Mexico: Florida manatee for T. m. latirostris, and Antillean manatee for the
subspecies T. m. manatus.

D.

Evolution

The earliest members of the Sirenia order appeared about 50 million years ago in the
early Eocene (Berta et al. 2006). The fossil record shows that Sirenians, including
manatees and dugongs, have been in Florida waters for millions of years and that they
descended from land mammals (Ripple 1999).
Despite the fact that manatees are marine mammals and share many similarities with
other marine mammals, such as whales, they have a very different ancestry than most,
with their closest living relatives being elephants (family Elephantidae), and they are also
related to hyraxes, or conies (family Procaviidae) and aardvarks (Orycteropus afer)
(Reyonlds & Wells 2003). The order Sirenia belongs to a group of four mammalian
orders known as the “subungulates” which includes elephants, hyraxes, and aardvarks,
and all of which share several similar anatomical features (Folkens & Reeves 2002).
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E.

Range & Migrations Patterns

The Florida subspecies of the West Indian manatee has a historical range centered in
southern Florida, but the loss of habitat in south Florida and the construction of new
power plants in coastal central and Northern Florida and Georgia have helped to expand
their range farther north during the winter than in the past (Ripple 1999). The Florida
manatee is the only manatee that ranges into subtropical and temperate areas, and they
must find refuge in warm water from springs or industrial, manmade effluents during the
colder winter months (Folkens & Reeves 2002). The Florida manatee is found year
round in peninsular Florida, but seasonally from Louisiana to Rhode Island and in the
Bahamas (Ripple 1999). The Florida manatee’s distribution is the southeastern United
States, but primarily in the coastal and inland waterways of peninsular Florida and,
although less so, southeastern Georgia (Scott 2004).
The range of the Florida manatee is broken into four “subpopulations” in the state of
Florida: Northwest Florida, Southwest Florida, Upper St. Johns River, and an Atlantic
Coast population, as seen in Figure 1 (Reynolds & Wells 2003).

Figure1: Map of the geographic regions of the four subpopulations of the Florida Manatee
in Florida (USGS).
14

The Atlantic coast subpopulation, that inhabits the area where this study was
conducted, is the largest, containing an estimated 47 percent of the total Florida manatee
population (Reynolds & Wells 2003). This region has been found to have the lowest
manatee survival, because this region, along with the Southwest region, has the greatest
human development, the largest proportion of watercraft-related deaths, and it is where
manatees find winter refuge at industrial warm-water effluents (Ackerman et al. 1995;
Langtimm et al. 2004).
As noted previously, the range of the Florida manatee varies seasonally. During the
winter months manatees adopt a “refuging strategy” where they aggregate at warm-water
sources immediately following decreases in the ambient water temperature to below 20oC
(68oF) (Deutsch et al. 2003). It is during the warmer months that the manatees’ range
expands, when they disperse along the Atlantic Coast, as far North as Rhode Island, and
the Gulf Coast, as far West as the Rio Grande in Texas (Scott 2004). Some manatees
wander “nomadically” during the warm season and this is when they can be found in the
extremes of their range (Reynolds & Wells 2003). During the winter months, they are
forced to travel to either natural or manmade warm water sources because of the resulting
low water temperatures (Ackerman 1995).

During the cold winter months Florida

manatees aggregate at natural and industrial warm-water sources (Humphrey 1992). The
distributional range of the Florida manatee is contingent upon their cold water threshold,
with water temperatures below 68oF, or 20oC, causing cold stress and even death (Scott
2004; Reep & Bonde 2006). In the winter months of December to March, the Florida
manatee can be found in various warm water refuges, including the warmer waters of
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natural springs or in the manmade warm water effluents of power plants (Scott 2004;
Reep & Bonde 2006).

F.

Ecology

Manatees were harvested in the 16th through 19th centuries for such commodities as
meat, oil, and hides (Twiss 1979).

In middens, or aboriginal trash mounds, found

throughout Florida, manatee remains have been discovered from as far back as 10,000
years ago, which demonstrates that “sea cows” were hunted, most likely for their protein
and fat (Zeiller 1992). As mentioned above, in the winter they aggregate in the discharge
pools of power plants, which emit warm water, as well as in natural warm water springs.
They can be found on both the east and west coasts of Florida. Manatees are found in
both coastal areas and inshore estuaries and rivers (Douglas 1982). They prefer shallow,
warm, and slow moving bodies of water. Because no one really sets out to intentionally
harm manatees today and since they have no natural predators, it is sometimes difficult
for the public to understand why their population has historically declined. There are
currently many manatee friendly groups such as Save the Manatee Club, which promote
education and conservation of the endangered marine mammals.
Although usually solitary, manatees can sometimes found in groups of up to 20 or
more at warm water aggregation sites (Folkens & Reeves 2002). Besides access to
warm-water refugia, whether natural or manmade, the distribution of manatees in winter
is also based on access to foraging areas with abundant vascular aquatic vegetation, to
fresh water, and to channels at least 1-2m (6 ft.) deep (Humphrey, 1992; Scott, 2004).
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The West Indian and West African manatees are unusual in the category of marine
mammals in that they are able to move freely between fresh and salt water (Folkens &
Reeves 2002). Manatees inhabit shallow near-shore waters, rivers, or lagoons found
throughout the Southeastern U.S., the Greater Antilles, and Atlantic Coast of Central and
South America (Folkens & Reeves 2002). Florida manatees live primarily in bays,
estuaries, rivers, and coastal areas where aquatic vegetation, such as sea grass, is
abundant for their herbivorous diet. In fact, besides dugongs, the manatee is the only
completely herbivorous plant-eating aquatic mammal (Ripple 1999).
To meet their metabolic requirements, manatees consume a large amount of aquatic
vegetation each day, approximately 20 percent of their body weight (Scott 2004; Reep &
Bonde 2006). Understandably, manatees spend a large majority of their day foraging for
aquatic vegetation in order to meet this requirement.

Manatees are considered

opportunistic herbivorous grazers, feeding on a wide variety of freshwater, marine, and
terrestrial plants (Lefebvre et al. 2000). In fact, on more than one occasion during the
course of this research study, manatees were observed “spyhopping” to locate available
vegetation and “breaching” in order to forage on the leaves of mangroves lining the
waterways.
Although manatees move freely between fresh, brackish, and marine water habitats,
they do need a fresh water source. The Florida manatee uses the riverine ecosystem of
Florida, which includes rivers, streams, and spring runs, as corridors when migrating
from Atlantic or Gulf waters to the inland, freshwater springs (Scott 2004; Reep & Bonde
2006). Manatees appear to be able to live equally well in freshwater, marine, and
estuarine environments (Reynolds & Wells 2003).
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Manatees spend most of their time in water 1-2 meters deep and try to avoid flats and
shallows that are not adjacent to deeper waters during low tide (Ripple 1999). During
their seasonal migration, Florida manatees can travel long distances of up to 200-300 km
with rates of travel of up to 49 km per day (Humphrey 1992; Deutsch et al. 2003).
Because the Florida manatee inhabits waters in a temperate zone, they are subject to
the risk of harsh winter temperatures that can occur during the winter months in Florida
(Hartman 1979). Manatees succumb to cold stress syndrome (CSS) when temperatures
drop below 20oC (Bossart et al. 2003). Hence, when possible, manatees will seek refuge
from cold in springs or warm water discharges from power plants and remain in these
loose congregations for the duration of the cold spell (Hartman 1979).

According to

Reynolds and Wells (2003: 22), these aggregations form primarily “as the result of a
common response by the animals to an environmental stimulus (in this case, cold
weather), rather than for social reasons” and can contain more than 500 individuals at one
time.
There are numerous sites in southern Florida that are known for their large winter
aggregations of manatees, including both fresh water springs and warm water effluents
from manmade power plants (Scott 2004). The warm water outflows from the following
power plants are heavily utilized by manatees: Indian River Lagoon, Canaveral, Vero
Beach, Fort Pierce, Riviera Beach, Port Everglades, and Fort Lauderdale (Scott 2004).
The discharges of these power plants consist of typically clean water warmed in the
process of cooling equipment that is generating electric power at the plants (Reynolds &
Wells 2003). Some of these power plants extend the Florida manatees natural range in
the colder winter months. Scott (2004:155) pointed out that “before the establishment of
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power plants throughout Florida in the 1950’s, the manatee’s winter range was largely
restricted to areas south of Charlotte Harbor on the Gulf Coast and the Sebastian River on
the Atlantic Coast.” This demonstrates the profound impact that the power plants in
Florida have had on the natural range and wintering aggregations of the Florida manatee,
especially since the manatees demonstrate site fidelity to a particular wintering site, as
documented in photo identification studies. Port Everglades is cited in much of the
literature as one of the most used industrial warm water aggregation sites for manatees.

G.

Threats & Mortality

Since 1974, biologists have collected mortality statistics for Florida manatees, and
this effective carcass salvage network has resulted in scientists knowing a great deal
about what kills manatees (Reynolds & Wells 2003).

This data collection, and

subsequent analysis of this data to view and track changes and trends in mortality
throughout the years, is currently conducted by the Florida Fish and Wildlife
Conservation Commission (FWC).

Researchers are able to determine not only the

number of manatee deaths in each Florida County, but often can determine the possible
cause of death for each carcass.

But, this is not always possible and leads to an

“unknown” category for manatee cause of death (Fish and Wildlife Research Institute
2010).
Threats and causes of mortality in the Florida manatee include anthropogenic causes,
such as watercraft collision, habitat destruction, water control structures, net
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entanglement, poaching, malicious or criminal mischief, as well as natural causes, such as
red tide, morbillivirus, and cold stress (Scott 2004; Reep & Bonde 2006).
Humans are the only known “predator” or threat to manatees (Scott 2004). It is
important to note that scientists can associate human activities with some of the natural
threats, such as Red tide as well as lessening the flow of warm-water and fresh water at
important natural warm-water discharges by the human use of the underground aquifer in
Florida (Reynolds & Wells 2003). The U.S. Fish and Wildlife Service Florida (USFWS)
Manatee Recovery Plan (2001) notes that this endangered species needs protection under
the Endangered Species Act due to the near and long term threats from human-related
activities.
Human disturbance has been and continues to be the main known threat to manatee
populations, with the majority of identifiable manatee mortality resulting from human
disturbance each year (FWC 2010). This threat increases every year as the human
population increases. This increase in the human population, and corresponding coastal
development, means an increase in damage caused to manatees by human recreation.
The habitat of the manatee in Florida continues to be impacted by residential and
commercial development of coastal land through loss of habitat and pollution, which
reduces the availability of aquatic vegetation and healthy fresh water and increases the
amount of persistent environmental contaminants accumulating in manatees (Humphrey
1992). Manatees are mutilated, maimed, disfigured, and killed because they get in the
way of human recreation (Douglas 1982).
Watercraft collisions have been identified as the primary anthropogenic threat to the
Florida manatee (Scott 2004). The USFWS Manatee Recovery Plan (2001) states that the
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most significant problem faced by manatees today in the state of Florida is injury or death
from boat strikes. Data from Florida’s carcass-recovery program shows that there is a
significant correlation between the increase of boat-related manatee deaths and the
increase in boat registration (Ackerman et al. 1995). A study by Lightsey et al. (2006),
found that watercraft-related trauma is a significant contributor to Florida manatee
mortality and determined that it was the most commonly identified cause of death of the
manatees in that study, conducted between 1993 and 2003. Between January 1979 and
December 2004, watercraft-related mortality represented 1,253 (24.9%) of 5,033 Florida
manatee deaths (Rommel et al. 2007).

The FWC Marine Mammal Pathobiology

Laboratory found that in 1998, 1999, 2000, 2001, 2002, and 2006, watercraft collisions
were the main cause of known manatee mortality, contributing to about one-third of total
manatee causes of death (Fish and Wildlife Research Institute 2006; 2010). In other
survey years, the FWC findings listed watercraft as one of the top causes of manatee
mortality in the state of Florida.
Manatees are generally slow moving, cruising at speeds of 2 - 6 mph, with short
bursts of 15 mph (Scott 2004). This slow moving nature of manatees was not a hindrance
to their survival until the arrival and exponential growth of powerboats in Florida
waterways (Scott 2004; Reep & Bonde 2006). According to Scott (2004), the state of
Florida has more registered boats than any other state, and power boats are estimated to
outnumber the Florida manatee by more than 500 to 1. A long-term case study of
manatee mortality in Florida by Ackerman et al. (1995) for the years of 1974-1992 found
that the three categories of human-related causes of death, collisions with watercraft,
deaths in floodgates/canals, and other, were the largest percentage of all identifiable
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causes of death at 45%, and that collisions with watercraft was the largest category of
identifiable causes.
The impact of watercraft on manatees can be seen in the large number of manatees
that have propeller scars. But propeller scars from boat impacts, which can cause
infection and loss of appendage, are not the only concern. A study by Wright et al.
(1995) found that fatal-impact injuries from fast-moving watercraft leading to massive
internal injuries with only minor surface abrasions killed more manatees than propeller
cuts. Because manatees move slowly and are relatively difficult to see, they are very
vulnerable to fast moving boats and slower moving barges in shallow waters (Twiss
1979).
Human litter and trash are another anthropogenic threat that contributes to manatee
mortality. Discarded or even in-use fishing gear becomes entangled around limbs and
bodies of manatees, either amputating them, or strangling them (Twiss 1979). Infections
from both propeller and fishing line scars are also known to kill the manatee. The
ingestion of debris while feeding is also a significant killer of manatees. Monofilament
fishing line, plastic bags, string, twine, rope, fishing hooks, paper, cellophane, sponges,
rubber bands, and stockings were all recovered in manatee stomachs during a study from
1978-1986 (Beck & Barros 1991). Manatees either choke on the debris, or die from
poisoning or complications in the gastrointestinal tract.
Another serious human related problem threatening the manatee is habitat loss.
Critical habitats for manatees are being destroyed by construction projects of homes and
recreation areas. There is the additional boat traffic that these developed areas bring that
also affect the manatee population. A report by the United States Marine Mammal
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Commission and Committee of Scientific Advisors on Marine Mammals (1988: viii)
found that, even at that time, “the principal threats to manatees and their essential habitat
are boat traffic, which makes areas hazardous to animals, and coastal development, which
can reduce grass beds preferred as feeding areas and eliminate secluded natural areas for
resting, mating calving, and nursing.” The USFWS Manatee Recovery Plan (2001) notes
that the survival of the Florida manatee and in order to create a viable population will
depend on sustaining the integrity of their habitats and ecosystems. All of these
anthropogenic threats support the need for designated manatee protection areas and speed
zones where pollution, habitat loss, and boat strikes are not a factor to Florida manatee
survival.
Biological or natural threats include CSS, red tide, and morbillivirus. Biological
related manatee deaths, such as those related to red tide and morbillivirus, have raised
concerns over the threatened manatee population, especially since human activities can
contribute to and worsen these biological threats. Red tide is a brevetoxin produced by
the marine dinoflagellate Ptychodiscus brevis (Whitney et al. 1997). Red tide is a natural
occurrence that has been documented in Florida waters since the early 1800’s (Douglas
1982). But, there is no evidence that this biotoxin had ever affected the manatees before
the 1980’s (Douglas 1982). The epizootic of the red tide that occurred in 1996 killed
over 100 manatees in Florida waters within a month. This was quite troublesome to
scientists who knew that manatee deaths averaged around 300 a year at that time, as this
impact alone attributed to one third of manatee deaths in an entire year, but occurred in
only one month. All of the dead animals were found to have normal weight, a healthy
appearance, and food in their stomachs, none of which are signs of an animal in distress.
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Within the first four months of 1996, 157 manatees died from this biotoxin, the first time
in Florida’s history that so many manatees had died in such a short period of time
(Marmontel et al. 1997).
A second biological threat to the manatee is morbillivirus. The first appearance of the
morbillivirus occurred in the 1988 seal epizootic, as the phocine distemper virus (PDV),
and has since been detected in many other marine mammals (Rima et al. 1995). The first
evidence of the morbillivirus in free-ranging manatees was found in 1994 after twenty
years of study (Duignan et al. 1995).

In fact, morbilliviruses are recognized as a

significant and widespread pathogen that affects the two principal orders of marine
mammals, the pinnipeds and cetaceans (Duignan et al. 1995). Since the discovery of the
morbillivirus that affects marine mammals, outbreaks in “immunologically naïve”
populations have resulted in high mortalities in all age classes (Duignan et al. 1995).
This raises concern in species such as the manatees that are already threatened. Research
suggests that the sudden appearance of morbillivirus in a population could be associated
with exposure to environmental contaminants that cause an impaired immune system
(Rima et al. 1995). Since manatees also deal with human disturbance such as debris and
habitat degradation, they are especially susceptible to the morbillivirus.
CSS is a third biological or natural threat which occurs when the cold water tolerance
threshold of manatees is exceeded. The number of cold-related manatee deaths varies
from year to year depending on weather conditions and length of sustained cold fronts.
Sustained exposure to water temperatures below 20o C (68o F) can be fatal to manatees
(Scott 2004; Reep & Bonde 2006). CSS can be described as a “cascade effect,” where
the chronic exposure to cold water by manatees results in lethargy, decreased food intake
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and dehydration that compromises normal nutritional, metabolic and immunologic
functions, leading to death (Bossart et al. 2003). Because of their low metabolic rate
manatees are susceptible to cold stress or death when water temperatures drop below
20oC and therefore they seek out warm-water refuges. A study conducted by Irvine
(1983) provides evidence that 20oC is the minimum suitable water temperature for
manatees. Irvine (1983: 315) goes on to say that the “low heat production and high
thermal conductance suggest that manatees are poorly adapted energetically to winter
water temperatures in much of Florida”. Hence, manatees that winter in colder waters
occupy a marginal habitat outside of their natural range, and are therefore susceptible to
cold stress. This is where the warm-water refuges may extend the manatees’ natural
range outside of warmer, safer waters.
One of the foremost causes of concern is that the survival probabilities of manatees in
the Atlantic region are lower and more variable than the other Florida regions. This can
be attributed to the fact that on the Atlantic coast manatees are more impacted by human
population growth and activities (Langtimm et al. 1998). Along with their low and
variable adult survival rates, life history traits such as small litter size, long gestation,
long life-span, and extended parental care result in “low potential rates of increase, and
can render such populations particularly susceptible to decline or extinction if they are
disrupted” (Langtimm et al. 1998: 981).
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H.

Study Location

The attraction of Florida manatees to industrial warm-water effluents in winter was
first described by Moore, 1951, and has since been well documented (Deutsch et al.
2003). This endangered species has come to rely on FPL’s power plants warm water
effluents during Florida’s cooler winter months, as demonstrated in site fidelity studies of
manatees at warm water refuges each year.
Port Everglades, Florida, located in Broward County, is among the nation’s top
seaports and cruise ports. Port Everglades not only is home to the world’s largest cruise
terminal, it is also a major petroleum storage and distribution hub, South Florida’s
primary bulk cargo depot, the deepest of all Florida ports, and home to a power plant and
manatee aggregation sites (Broward County Port Everglades Department 2010b). This
port is completely manmade and was opened to the Atlantic Ocean in 1928, with the
Dania Cut-Off Canal being completed in 1911 (Sosnow 1986). Port Everglades has
experienced many improvements and projects since its inception, and is now primed for
even more with a planned $2 billion, 20 year expansion project in order to increase cargo,
fuel, and cruise passenger traffic (Broward County Port Everglades Department 2010b).
The Florida Power and Light (FPL) Port Everglades power plant (PPE) is an electric
power generating facility that uses natural gas and oil as fuel and consists of four
generating units with a total production capacity of 1,254 megawatts. Water flow and
temperature vary depending on the number of units in use (DEP 2008). The FPL facility
discharges large quantities of warm water on a continuous basis, and has a design flow of
800 million gallons per day (MGD) (DEP 2008). According to the Florida Department of
Environmental Protection (DEP) 2008 report, “wastewater streams at the facility include
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once-through cooling water (OTCW) and low-volume waste streams which include:
sluice water, economizer-hopper wash, air pre-heater wash, dust-collector wash,
equipment wash, boiler-fireside wash, stack-wash and reverse-osmosis water treat system
effluent streams” (DEP 2008: 1). During the cold weather months, this warm water
discharge attracts large numbers of manatees. The water in FPL’s discharge canal is
usually 10 to 15 degrees warmer than the surrounding waters of the Intracoastal
Waterway, and lends itself to become a sanctuary for manatees migrating from points
north (Broward County Port Everglades Department 2010a). Many sites throughout the
state of Florida are designated as protection zones through the protection granted the
manatee in the 1978 Manatee Sanctuary Act, including Port Everglades (Broward County
Environmental Protection and Growth Management Department Biological Resources
Division 2008; Broward County Port Everglades Department 2010a).
The Port Everglades FPL plant PPE serves as one of the three major warm-water
refuges in the southeast region of Florida for manatees and the period of greatest use by
manatees at all three of these plants is between December and March (United States
Marine Mammal Commission & United States Committee of Scientific Advisors on
Marine Mammal, 1988). These warm-water refuges operate under manatee protection
plans and once the surrounding waters reach a certain cold water threshold during the
designated manatee season from November to March, the plants must put enough heat
into the discharge canal to ensure that its temperature is maintained at or above 19o C
(66o F) (Richel 2003).
Port Everglades provides an important wintering refuge for manatees on the east coast
of Florida, and a way-station for manatees migrating along the coast as the seasons
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progress. The movement of manatees in and out of the Port creates a hazard for the
population as more than 5,000 ships call at Port Everglades every year, creating a high
risk of boat collisions, the major anthropogenic cause of manatee mortality (Broward
County Port Everglades Department 2010b). Port Everglades touts their “environmental
stewardship” efforts, especially towards manatees, by stating that to “assist in the
maintenance and recovery of this endangered species the Port has established a safe
marine habitat, supported manatee protection legislation, and established programs and
procedures to address manatee awareness and protection” in addition to creating idle and
slow speed zones and manatee warning signs, as well as deepening a shallow portion of
the manatees’ aggregation area to provide better access at low tide (Broward County Port
Everglades Department 2010b: 42). Port Everglades, and FPL for that matter, also are
proud to claim that they have made contributions to studies and research programs such
as this one.
As stated earlier, the emergence and increase of artificial warm-water sources in the
form of power plants in Florida in the 1950’s and 1960’s, in addition to a proliferation of
exotic aquatic vegetation, originally seemed to benefit the manatee population, but these
have since altered and extended the manatees natural range in the winter months
(Humphrey 1992). But what happens when those industrial sources of warm water reach
the end of their designed operating life in the near future (Humphrey 1992). The fact that
manatees are particularly vulnerable to catastrophic CSS losses when gathered in large
numbers at winter aggregation sites that could one day “disappear” when they return due
to site fidelity could be devastating to the struggling population (Humphrey 1992).
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III.

STATEMENT OF PURPOSE

The purpose of this study was to determine the number of manatees that aggregate
and utilize the waters of the FPL Plant in Port Everglades, Florida, its effluent canal, and
the surrounding Intracoastal Waterway during the winter months. This study documents
the importance of Port Everglades as a wintering refuge for the Florida manatee. It is
hoped that this research will aid in the continued protection of manatees within the state
of Florida.
The null hypothesis (H0) is that there was no difference in the number of manatees
present between cooler and warmer months and the corresponding air and water
temperatures. The alternative hypothesis (HA) is that there will be more manatees present
in cooler months, and fewer in warmer months, with an inverse relationship between the
number of manatees present and temperature.
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IV.

MATERIALS AND METHODS

A.

Description of Study

Boat based and walking surveys began in Port Everglades and the adjacent
Florida Power and Light warm-water effluent canal in May 1999, and continued through
the 2004 winter season.

Figure 2 shows one of the aggregation sites within Port

Everglades in the FPL warm water effluent canal. Figure 3 and Figure 4 are maps of the
study area within Port Everglades. Walking surveys were conducted in addition to the
boat based surveys as the waterways closest to the FPL power plant and its effluent canal
were off limits to boat traffic for the protection of the manatees. The area for the walking
and boat based surveys are indicated in Figure 5.

Figure 2: Photo of an aggregation site along the effluent canal in
Port Everglades, Fort Lauderdale, Florida.
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Figure 3: Map of the study site, Port Everglades in Fort Lauderdale, Florida.

www.porteverglades.org
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Figure 4: Port Everglades effluent canal diagram from FWC Broward County Manatee
Protection Zones Maps.

http://myfwc.com/docs/WildlifeHabitats/Manatee_browardMPZ.pdf
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Figure 5: Map of boat survey patterns in Port Everglades, FL (Maurer 2006).
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Polarized sunglasses were used on every survey. Polarized glasses function as glare
reducers to improve visibility through the water’s surface.

These glasses enabled

accurate manatee sightings and made it easier for the observers to determine the age class
of each individual manatee.
Surface water temperature was recorded on every survey using a Raytek Raynger
ST temperature meter. This is a portable, handheld, infrared thermometer that can read
surface water temperature at a distance of several meters and was useful to determine the
temperature of hard-to-reach areas without touching, contaminating, or damaging the
water’s surface. Surface water temperature was taken and recorded at each location of a
manatee sighting and in the different areas monitored during the study.
Photographic equipment was included on every survey to document sightings and
provide a basis for a future photo-identification log and subsequently, a site fidelity
catalog. Photographic equipment included a Canon EOS 35mm camera with a 25-80 mm
zoom lens and a 100-400 mm zoom lens, a Kodak Mavica digital camera, and a Nikon
Coolpix 4200 digital camera with 4.0 megapixels.
The presence of multiple observers was essential on all of the surveys. Multiple
observers could scan and cover a wider range and would ensure the sighting of all the
manatees in an area. Multiple observers were also essential for confirmation of sightings
and for verification of the age class of the manatees sighted.
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B.

Duration of study

This study was conducted during the winter manatee seasons from 1999 through
2004. The manatee season extends from November 15th through March 30th of each year.
This is when the posted manatee regulatory boating zones are in effect in certain Florida
waterways and corridors utilized by the Florida manatee. This season is based on the
decrease in temperature that corresponds with the Florida manatee seeking warm water
refugia for the winter season to avoid cold stress.
A total of 119 boat based and walking surveys were conducted. As the winter
season spans the end and beginning of a calendar year, the years of the study are listed as
the winter season for 1999-2000, 2000-2001, 2001-2002, 2002-2003, and 2003-2004.
Foot surveys of the FPL power plant, on actual FPL plant property, were only conducted
during the 2000-2001 season and did not continue because of security restrictions within
the port.

The surveys during the 1999-2000 and 2000-2001 winter seasons were

conducted by a separate set of observers. All surveys during the 2001-2002, 2002-2003,
and 2003-2004 winter seasons were conducted by a core group of observers and the
author. The Port Everglades FPL power plant is often abbreviated as the PPE plant.
The majority of the surveys in this study were conducted in the aftermath of the
September 11th attacks (2001-2002, 2002-2003, and 2003-2004). As a result, tighter
restrictions and security protocols at the port meant that there were limitations to some
previous survey areas available to the observers in the earlier seasons of this study (19992000 and 2000-2001).
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C.

Boat based surveys

Boat based surveys were conducted on an intermittent basis, approximately every
two weeks. Surveys were conducted from a 22-foot open vessel, powered by a 200 hp
outboard motor. The vessel was equipped with a depth sounder, VHF radio, and a
portable GPS unit. The boat based surveys, which can be seen in Figure 5, followed an
irregular transect line through the Intracoastal waterway south of Port Everglades and up
the effluent canal from the FPL Port Everglades power plant to the end of the public
access waterway, which was roped off to restrict access. Surveys were also conducted
along the Dania Cutoff Canal from the ICW to the Harbour Towne Marina, and included
the port turning notch.
Binoculars were used on every survey. On the boat based surveys they served to
look beyond the areas where the boat was restricted from entering and also to look ahead
of the path of the boat to not only sight manatees, but also to avoid any manatees in the
waterway.

D.

Walking Surveys

Foot surveys were conducted along the FPL Fort Everglades power plant effluent
canal from the point where the canal exits the restricted access power plant property to
the point where the boat surveys terminated near the Port Everglades office building, as
shown in Figure 3 and Figure 4. Foot surveys were conducted twice a week, usually in
the early morning, on a continuous basis from November 15th through March 30th during
the winter of 2001-2002, 2002-2003, 2003-2004. The walking surveys were conducted
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in the early morning in order to observe the manatees shortly after the coldest part of the
24 hour diurnal cycle. During this time, manatees could be observed moving out of the
power plant and into the waterways as air temperature began to rise in the morning
The total length of the foot surveys along the effluent canal is approximately
300m, and includes a small boat dock near the Port Everglades administrative office
building, where a hose discharging fresh water was often provided, a bridge over the end
of the effluent canal, and the power plant effluent canal.
Access to Port Everglades was obtained each survey season in order to conduct
the walking surveys along the waterways within the port. The lead observers had to
obtain a port ID. The port ID had to be presented at the security gate and be worn in a
visible place at all times while conducting the surveys. Identifying clothing associating
the observers with the University was also suggested.
During the 2003-2004 sample season, permission was granted to the observers to
utilize the roof of the Port Everglades administration building for the walking surveys.
This provided a valuable vantage point where one observer could radio down to a second
observer on the ground and confirm manatee sightings, counts, and age classes. This
dual observer method greatly reduced observer error and provided a verification of the
data gathered.
Binoculars were also beneficial on the walking surveys when observing from the
roof of the Administration Building as well as sighting traveling manatees coming into an
observation area. Motorola walkie-talkies were also used on the walking surveys for the
2003-2004 sample season only.
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E.

Data Collection and Analysis

Each survey, whether walking or boat based, utilized the same sample sheet
(Appendix 1). Data collected on the sample sheet included survey date, survey hours,
observers, latitude and longitude of manatee sightings, time of sightings, location code of
sightings, the number of adult, juvenile, and calves at a sighting, manatee activity and
behavior during the observation, water temperature, and any other observations or notes
pertaining to the survey and sightings. The survey form also included a map of the
survey area to indicate where particular sightings occurred.
Every time a manatee, or group of manatees, was sighted, the number of animals
was recorded and their ages were categorized as adult, juvenile, or calf when possible.
Other parameters recorded were the GPS and map locations, time, depth, tide, sea state,
weather, and surface water temperature.
Some survey techniques used to locate non-visible manatees included footprints
and breath-sounds. Often manatees will rest on the bottom for up to 20 minutes before
surfacing to breathe. When they do so, they often only lift their nostrils out of the water
slightly to breathe, and then slowly and quietly descend back into the water. It is
important when observing to listen quietly for up to a half an hour to make sure that no
resting manatees are overlooked. Also, when looking for manatees, it is important to
watch the surface of the water carefully, as manatees swimming just below the surface
may not be visible, but will leave what is known as a footprint on the surface of the
water. A footprint is an oval shaped, smooth disturbance in the water where a manatee’s
paddle brushes the surface while swimming.

Usually an observer can follow the

footprints until a manatee surfaces to breathe.
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Age classes of manatees used in this study included adult, juvenile, and calf. This
is a subjective categorization, but experienced observers were also present on surveys and
conferred with other observers to determine the age class of the manatee sighted. This is
why it is so important to use the same observers every survey to have continuity in this
observation. In other similar studies, calves were defined as animals less than half the
length of a closely-associated animal. Calves are almost always observed traveling with
an adult manatee. Juveniles usually travel alone and are between the size of a calf and an
adult. Other studies sometimes classified these as sub-adults. The largest adult manatee
in a survey area could be used as a reference for categorizing other manatees in the area.
Several temperature variables were selected and recorded as temperature may
strongly influence the number of manatees counted on surveys. Water temperature data
for both the inlet intake water temperature and the discharge temperature were provided
by the FPL Port Everglades Plant. Air temperature data was provided by the Florida
Climate Center and Center for Ocean-Atmospheric Prediction Studies at Florida State
University.
One parameter analyzed was catch per unit effort, or CPUE, which was measured in
survey days. This figure was calculated for each week of the survey seasons as well as
for each of the survey seasons as number of manatees sighted over number of survey
days.
Another parameter considered in this study was heating degree-days. Heating
degree-days are the cumulative total of degrees that the daily average air temperature is
below 18.3o C each day and summed over all the days of the year or season (Garrott et al.
1994). Hence, heating degree-days are a measure of winter severity. Water temperature
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was used for analysis of this study in addition to air temperature, as air temperature
measurements provide a measure of the severity of the cold fronts, while water
temperature variables provide a more direct gauge of the existing thermal environment
that the manatees were experiencing (Garrott et al. 1994).
Additional environmental data and manatee count information were obtained
from Winifred Perkins, Manager of Environmental Services for FPL, who graciously
provided studies on Florida manatee abundance at selected FPL power plants following
winter cold fronts conducted by John. E. Reynolds, III of Mote Marine Laboratory and
Eckerd College for all years of this study (1999-2004).

These studies included

environmental data for the Port Everglades facility and also manatee count data at the
facility obtained during aerial surveys, which was used for comparison in the discussion
of this study.
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V.

RESULTS

Table 1 shows the total number of manatees counted during the winter manatee
season (November-March) by month and season from 1999-2004. The highest one
month count occurred in January 2002 with a total number of 306 manatees sighted. The
highest total number of manatees counted, 393, was observed in the 2002-2003 season
and the lowest number, 46, was observed in the 2001-2002 season. The month with the
highest number of manatees observed for each of the winter manatee seasons occurred in
January for all years.

Month
November
December
January
February
March
TOTAL

1999-2000
0
4
28
21
4
57

Total Number of Manatees
2000-2001 2001-2002 2002-2003
4
5
16
0
0
55
128
40
306
6
1
16
1
0
0
139
46
393

2003-2004
0
62
145
15
0
222

Table 1: Total number of manatees counted in the winter season from 1999-2004.
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Figure 6 shows the total manatee counts by month from 1999-2004. The highest
count for all years occurred in January, with 28 manatees in 1999-2000, 128 in 20002001, 40 in 2001-2002, 306 in 2002-2003, and 145 manatees in 2003-2004.
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Figure 6: Total number of manatees counted per month during winter seasons from
1999-2004.
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Table 2 shows the number of manatees counted per year by their age class, i.e.
adult, juvenile, or calf and Figure 7 demonstrates this for the winter seasons from 19992004. The highest number of adults, 236, juveniles, 110, and calves, 47, were all
observed during the 2002-2003 winter season. The lowest number of adult manatees, 36,
was observed in the 1999-2000 season. The lowest number of juveniles, 2, was observed
in the 2001-2002 season. The lowest number of calves, 4, was observed in the 20002001 season.
Number of Manatees by Age Class
Year
1999-2000
2000-2001
2001-2002
2002-2003
2003-2004

Adults
36
108
37
236
162

Juveniles
13
27
2
110
36

%
Calves Total Calves
14%
8
57
3%
4
139
15%
7
46
12%
47
393
11%
24
222

Table 2: Total number of manatees counted by age class in the
winter season from 1999-2004.
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Figure 7: Total number of manatees counted by age class in the winter
season from 1999-2004.
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Figures 8 – 12: Percentage of manatees by age class for each winter season (1999-2004)
Figure 8: 1999-2000

Figure 9: 2000-2001
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Figure 10: 2001-2002

Figure 11: 2002-2003
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4%
Juveniles
28%
Adults
60%
Adults
81%

Figure 12: 2003-2004
Calves
11%
Juveniles
16%

Adults
73%
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Figure 8 shows the percentages of manatees by age class for the 1999-2000 winter
season. Of the 57 total number of manatees observed that season, 63% or 36 individuals
were adults, 23% or 13 individuals were juveniles, and 14% or 8 individuals were calves.
Figure 9 shows the percentages of manatees by age class for the 2000-2001 winter
season.

Of the 139 total number of manatees observed that season, 78% or 108

individuals were adults, 19% or 27 individuals were juveniles, and 3% or 4 individuals
were calves.
Figure 10 shows the percentages of manatees by age class for the 2001-2002
winter season. Of the 46 total number of manatees observed that season, 81% or 37
individuals were adults, 4% or 2 individuals were juveniles, and 15% or 7 individuals
were calves.
Figure 11 shows the percentages of manatees by age class for the 2002-2003
winter season. Of the 393 manatees observed that season, 60% or 236 individuals were
adults, 28% or 110 individuals were juveniles, and 12% or 47 individuals were calves.
Figure 12 is shows the percentages of manatees by age class for the 2003-2004
winter season. Of the 222 manatees observed that season, 73% or 162 individuals were
adults, 16% or 36 individuals were juveniles, and 11% or 24 individuals were calves. In
all 5 sample seasons, adults were the highest percentage of manatee age class observed.
In all but the 2001-2002 winter season, juveniles were the second highest percentage of
manatee age class observed.
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Table 3 contains the heating degree-days, total manatee counts, and catch per unit
effort (CPUE) per winter season from 1999-2004. This data can be seen graphically in
Figure 13 and Figure 14.

Heating Degree-days per Sample Season

Season
1999-2000
2000-2001
2001-2002

2002-2003

2003-2004

Date
29-Feb
8-Jan
22-Jan
27-Dec
7-Jan
18-Feb
19-Nov
29-Nov
17-Dec
17-Jan
22-Jan
24-Jan
27-Jan
28-Jan
4-Feb
23-Dec
26-Dec
13-Jan
17-Jan
25-Jan
27-Jan
30-Jan
20-Feb

Mean Air
Temp o C
17.78
18.06
13.33
13.61
17.50
16.94
15.83
16.11
13.61
17.22
16.39
12.78
16.39
14.72
16.67
18.06
18.06
17.22
18.06
15.00
17.50
16.11
16.11

o

C<
18.3
0.52
0.24
4.97
4.69
0.80
1.36
2.47
2.19
4.69
1.08
1.91
5.52
1.91
3.58
1.63
0.24
0.24
1.08
0.24
3.30
0.80
2.19
2.19

Heating
Degreedays
0.52

Total # of
Manatees
57

CPUE
(per
day)
4.07

5.21

139

7.32

6.84
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3.29

24.98

393

10.62

10.29

222

6.17

Table 3: Heating Degree-days, total manatee counts, and catch per unit effort
(CPUE) per winter season from 1999-2004. Heating degree-days are the cumulative
total of degrees that the daily average air temperature is below 18.3o C each day and
summed over all the days of the year or season. Hence, it is a measure of winter
severity.
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Figure 13 is a graph of the heating degree-days and total number of manatees for
the 1999-2004 winter seasons. Figure 14 is a graph of the heating degree-days and CPUE
for the 1999-2004 winter seasons. Heating degree-days are the cumulative total of
degrees that the daily average air temperature is below 18.3o C each day and summed
over all the days of the year or season. Heating degree-days are a measure of winter
severity, with a higher number indicating a more severe, or cold winter for manatees.

Heating Degree Days and Total Number of
Manatees: 1999-2004 Winter Seasons
Total # of Manatees
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Figure 13: Heating degree-days and total number of manatees counted from
1999-2004 winter seasons.
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Heating Degree Days and CPUE:
1999-2004 Winter Seasons
Heating Degree Days
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Figure 14: Heating degree-days and CPUE from 1999-2004 winter seasons.

The year with the highest heating degree-days, 24.98, was the 2002-2003 season,
which was also the season with the highest number of manatees observed, 393, and the
highest CPUE, 10.62 manatees/day. The 2002-2003 season was the coldest and most
severe out of all the study years. The second highest heating degree-days, 10.29, was
observed in the 2003-2004 season which was also the season with the second highest
number of manatees recorded, 222, but the third highest CPUE, 6.17 manatees/day . The
1999-2000 season had the lowest number of heating degree-days, 0.52, the second lowest
number of manatees, 57, and the second lowest CPUE, 4.07 manatees/day. The 20002001 winter season had the second lowest heating degree-days, 5.21, with a CPUE of
7.32 manatees/day and a total of 139 manatees observed. The 2001-2002 winter season
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had a total heating degree-days of 6.84, the lowest number of manatees observed, 46, and
the lowest CPUE, 3.29 manatees/day.

Figure 15 shows the direct relationship between heating degree-days and the total
number of manatees counted with an R2 value of 0.8748.

Heating Degree Days vs Total # of Manatees:
1999-2004 Winter Season
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Figure 15: Correlation between heating degree-days and total number of manatees
counted from 1999-2004 winter seasons.
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Figure 16 shows the direct relationship between heating degree-days and CPUE
with an R2 value of 0.6995.

Heating Degree Days vs CPUE:
1999-2004 Winter Season
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Figure 16: Correlation between heating degree-days and CPUE from 1999-2004
winter seasons.
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Figure 17 is a graph of the total number of manatees and CPUE for the 1999-2004
winter seasons. The CPUE is correlated to the total number of manatees observed, with
the highest CPUE of 10.62 being observed with the highest number of manatees, 393, in
the 2002-2003 season and the lowest CPUE of 3.29 being observed with the lowest
number of manatees, 46, in the 2001-2002 season.

Total Number of Manatees and CPUE:
1999-2004 Winter Season
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Figure 17: Total number of manatees counted per winter season and catch per unit
effort (CPUE) in days.
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Figure 18 further demonstrates the direct relationship between the total number of
manatees and CPUE with and R2 value of 0.8733.

Total # of Manatees vs CPUE:
1999-2004 Winter Season
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Figure 18: Total number of manatees counted vs. CPUE.
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Table 4 shows the average monthly discharge and intake water temperatures at the
FPL Port Everglades power plant, the average air temperature, and the total number of
manatees observed in the 1999-2004 winter seasons.

Date
Nov-99
Dec-99
Jan-00
Feb-00
Mar-00
Nov-00
Dec-00
Jan-01
Feb-01
Mar-01
Nov-01
Dec-01
Jan-02
Feb-02
Mar-02
Nov-02
Dec-02
Jan-03
Feb-03
Mar-03
Nov-03
Dec-03
Jan-04
Feb-04
Mar-04

Monthly Average Temperatures (o F)
Disch Avg Inlet Avg Avg Air Temp

79
80

79
74

87
84
75
85
82
88
86
81
80

80
76
71
76

81
86
81
79
95
87
79
81

80
74
69
74
84
81
75
72

76
77
75
74

74
69
69
73
72
69
65
74
73
71
67
71
66
66
71
64
71
78
76
67
65
71
70

Manatees
0
4
28
21
4
4
0
128
6
1
5
0
40
1
0
16
55
306
16
0
0
62
145
15
0

Table 4: Monthly discharge and intake average water temperatures at FPL Port
Everglades power plant (o F), average air temperature, and total number of
manatees counted 1999-2004 winter seasons. Blank cells indicate that data was not
available. (Data provide by Winifred Perkins of FPL).
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This is also depicted in Figure 19. The inlet water temperature is the temperature
of the water going into the power plant, and the discharge water temperature is the
temperature of the water leaving the power plant. High numbers of manatee counts
correlated with lower discharge and intake water temperatures.

The three highest

manatee counts were observed in January 2001, 2003, and 2004 and corresponded with
the lowest inlet water temperature. In January 2001, the total manatees observed was
128, and the average inlet water temperature was 71o F. In January 2003, the total
manatees observed was 306, and the average inlet water temperature was 69o F. In
January 2004, the total manatees observed was 145, and the average inlet water
temperature was 72o F.

Discharge and Intake Average Water
Temperatures and Total # of Manatees
1999-2004 Winter Seasons
Inlet Avg
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Figure 19: Discharge and Intake average water temperatures at FPL Port Everglades
power plant and total number of manatees counted 1999-2004 winter seasons.
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Figure 20 is a graph of the monthly manatee counts and average air temperatures
for the 1999-2004 winter seasons. The highest manatee counts corresponded with the
lowest average air temperatures. In January 2000 the air temperature was an average of
69o F and the total number of manatees observed was 28. In January 2001, the average
air temperature was 65o F and the total number of manatees observed was 128.

In

January 2002, the average air temperature was 71o F, a few degrees higher than
December 2001 and February 2002, and the total number of manatees observed was 71.
In January 2003, the average air temperature was 64o F and the total number of manatees
observed was 306. In January 2004, the average air temperature was 65o F and the total
number of manatees observed was 145.

Monthly Manatee Counts and Average Air
Temps 1999-2004 Winter Seasons
Avg Air Temp
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Figure 20: Monthly manatee counts and average air temperatures for 1999-2004
winter seasons.
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Figure 21 is a graph of monthly manatee counts and average air temperatures for
the 1999-2000 winter season.

This graph demonstrates that when the average air

temperature is lowest, the manatee counts are the highest, and vice versa. The highest
monthly manatee counts of 28 and 21 manatees were seen when the average air
temperatures were 69o F. The lowest monthly manatee counts of 4 individuals were
observed when the average air temperature was between 73-74o F.

Monthly Manatee Counts and Average Air
Temperature 1999-2000 Winter Season
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Figure 21: Monthly manatee counts and average air temperatures for 1999-2000
winter season.
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Figure 22 is the weekly manatee counts and average air temperatures during the
same 1999-2000 winter season. The highest weekly manatee count of 18 manatees
observed on January 30th, 2000 corresponded with one of the lowest weekly average
temperatures of 65o F. The highest weekly average temperature of 75o F observed the
week of February 13th, 2000 corresponded to a drop off in manatee sightings for the rest
of the season.

Weekly Manatee Counts and Average Air
Temperature 1999-2000 Winter Season
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Figure 22: Weekly manatee counts and average air temperatures for 1999-2000
winter season.
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Figure 23 is a graph of the monthly manatee counts and average air temperatures
for the 2000-2001 winter season. This graph also demonstrates that when the average air
temperature is lowest, the manatee counts are the highest, and vice versa. The highest
observation of manatees of 128 during January 2001 were seen when the monthly
average air temperature was the lowest at 65oF.
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Figure 23: Monthly manatee counts and average air temperatures for 2000-2001
winter season.
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Figure 24 is the weekly manatee counts and average air temperatures during the
same 2000-2001 winter season. The highest counts of manatees per week were observed
during January, with 56 the week of January 7th, 32 the week of January 21st, and 40 the
week of January 28th, corresponded with the lowest weekly temperatures of 64.5oF, 56oF,
and 69.5oF respectively.
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Figure 24: Weekly manatee counts and average air temperatures for 2000-2001
winter season.
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Figure 25 is a graph of the monthly manatee counts and average air temperatures
for the 2001-2002 winter season. This monthly graph does not demonstrate the trend that
when the average air temperature is lowest, the manatee counts are the highest, and vice
versa. An unexpected warm front moved in during the season, in mid to late January, as
can be observed in more detail in Figure 26 below. The highest number of manatees
observed in month, 40, occurs in the month of January when the average air temperature
is the highest at 71oF. During the coldest month of the season, February, the average air
temperature was 66oF and only 1 manatee was observed during the month.
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Figure 25: Monthly manatee counts and average air temperatures for 2001-2002
winter season.
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Figure 26 is the weekly manatee counts and average air temperatures during the
same 2001-2002 winter season. This graph shows that the highest number of manatees
was observed, 29, the week of January 6th when the average air temperature was 63.50oF
following a week where the average air temperature was 56.50oF. As the temperature
begins to rise the rest of the weeks in January, following an unexpected warm front, the
manatee count numbers begin to decrease.
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Figure 26: Weekly manatee counts and average air temperatures for 2001-2002
winter season.
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Figure 27 is a graph of the monthly manatee counts and average air temperatures
for the 2002-2003 winter season. This graph also demonstrates that when the average air
temperature is lowest, the manatee counts are the highest, and vice versa. The highest
number of manatees observed in on month, 306, was seen in January when the average
air temperature was the lowest at 64oF.
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Figure 27: Monthly manatee counts and average air temperatures for 2002-2003
winter season.
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Figure 28 is the weekly manatee counts and average air temperatures during the
same 2002-2003 winter season. The highest counts of manatees per week were observed
during the month of January, with 94 the week of January 12th, 93 the week of January
19th, and 101 the week of January 26th and corresponded with the lowest temperatures
that season of 64.67oF, 58.25oF, and 62.67oF respectively.
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Figure 28: Weekly manatee counts and average air temperatures for 2002-2003
winter season.
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Figure 29 is a graph of the monthly manatee counts and average air temperatures
for the 2003-2004 winter season. This graph also demonstrates that when the average air
temperature is lowest, the manatee counts are the highest, and vice versa. The highest
number of manatees, 145, was observed during January when the monthly average air
temperature was the lowest that season at 65oF.
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Figure 29: Monthly manatee counts and average air temperatures for 2003-2004
winter season.
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Figure 30 is the weekly manatee counts and average air temperatures during the
same 2003-2004 winter season. The highest counts of manatees per week were observed
during the months of December and January, with 41 the week of December 21st, 53 the
week of January 11th, and 66, the week of January 25th and corresponded with the lowest
temperatures that season of 64.5oF, 63.5oF, and 61.17oF respectively.
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Figure 30: Weekly manatee counts and average air temperatures for 2003-2004
winter season.
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VI.

DISCUSSION

A.

Comparison of Data to Synoptic Surveys and Counts at FPL Plants

The topic of manatee population size and abundance is controversial as manatees
populations are extremely difficult to determine because of their wide distribution in low
visibility waters (Reynolds & Wells 2003). Currently, aerial surveys and aerial synoptic
surveys are used to gauge manatee population size each year during the cold winter
months in the state of Florida. These aerial surveys have been conducted since 1967 to
count and map the distribution of Florida manatees (Ackerman 1995). Aerial surveys are
ideal for counting manatees and for mapping distribution as they are useful and costeffective as one of the only methods where large numbers of manatees can be counted
over large geographic areas (Ackerman 1995). Aerial surveys are also ideal in this
situation because, “unlike other marine mammals that inhabit large open-water areas,
manatees often reside in narrow, irregularly shaped bodies of water (man-made canals,
rivers, creeks, etc.) that are difficult or impossible to survey using standard methods like
line transects” (Edwards et al. 2007: 2052).
Aerial surveys do have drawbacks, and cannot be used to obtain a precise
population estimate. They can only determine a minimum estimate of the population
size, because manatees are sometimes difficult to detect (sun reflection, submerged in
murky water, vegetative overhang, etc.) and to count accurately during a survey as they
move, submerge, and resurface (Ackerman 1995). Miller et al. (1998: 561) were the first
to use replicated strip-transect aerial surveys to estimate manatee populations, and they
recommended that “managers use warm-season strip-transect surveys” to “corroborate
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other evidence of population trends of manatees” in Florida, not just surveys during
colder winter months to get a more comprehensive picture of the population.

As

discussed above, the purpose of aerial surveys of distribution, or extended–area surveys,
is to document the spatial distribution and seasonal habitat use of manatees (Packard et
al. 1985). These surveys do not give an accurate population size due to variability and
visibility, but they do provide a minimum estimate in the survey area on any given day
(Ackerman 1995).
Aerial surveys of manatee aggregation sites at natural springs and warm-water power
plant effluents, usually following strong, sustained cold fronts, are used to document the
abundance and distribution of the Florida manatee as well as to assess population trends
(Ackerman 1995). The data from these annual synoptic surveys of distributions have
been used for the protection of manatees (Ackerman 1994). According to the 2009
NOAA Stock Assessment Report (SAR), the best available current count for a minimum
population estimate of Florida manatees is 3,802 animals, which is based on a single
synoptic survey of warm-water refuges in January 2009 by the FWC FWRI Manatee
Synoptic Aerial Surveys 2009 (Waring et al. 2009). As the draft reports for 2010 are not
yet available, the 2009 reports are used as the current population estimate for the Florida
manatee (Waring et al. 2009). The FWC reports that in 2010, the highest number of
manatees counted in a statewide synoptic survey was 5,076, but with the disclaimer that
this is not the final true estimate of the manatee population in Florida for 2010 (Fish and
Wildlife Research Institute 2010).
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Table 1 shows the total number of manatees counted at PPE during the winter
season (November – March) by month from 1999-2004.

The highest number of

manatees was observed in the 2002-2003 season (393). The FWC-FWRI aerial synoptic
surveys support these findings, as seen in Table 5 and Figure 31.

1999-2004 Synoptic Survey Data from FWC-FWRI
Year

Date

Survey Year

East

West

Total

2000

January 16–17

1999-2000

634

1,012

1,646

2000

January 26–27

1999-2000

1,138

1,085

2,223

2001

January 05–06

2000-2001

1,559

1,741

3,300

2002

March 01

2001-2002

864

894

1,758

2003

January 09

2002-2003

1703

1140

2,843

2003

January 21–22

2002-2003

1813

1314

3,127

2003

January 26–28

2002-2003

1,705

1,311

3,016

2004

February 20

2003-2004

1,198

1,307

2,505

Table 5: FWC-FWRI Manatee Aerial Synoptic Survey Data
for the Study Years 1999-2004
http://research.myfwc.com/features/view_article.asp?id=15246
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Average # of Manatees from FWC-FWRI
Synoptic Survey Counts for FL
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Figure 31: Comparison of Annual Synoptic Survey Data for Florida to Study Findings
for Manatee Counts at PPE.

The two highest total number years during this study were 2000-2001 and 20022003, both with over 3,000 individual manatees sited, and the highest count on the East
coast in the 2002-2003 season, with 1,813 manatees. The fewest number of manatees
observed was during the 2001-2002 season (46), followed by the 1999-2000 season (57),
as seen in Table 1. The FWC-FWRI synoptic survey data, as seen in Table 5, also
supports these findings, with the 1999-2000 (1,646) and 2001-2002 (1,758) seasons
having the lowest total counts, and the lowest East coast count in the 1999-2000 (634)
and 2001-2002 (864) seasons.
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Table 2 and Figure 7 show the number of manatees counted per year by age class,
and had similar comparisons to the synoptic survey data of total counts. The survey year
with the highest number of total manatees in the synoptic survey was during the 20012002 and 2002-2003 seasons, which correlated with the highest number of adults, 236,
juveniles, 110, and calves, 47, observed in the 2002-2003 season.
For this study, the year with the highest heating degree-days, 24.98, was the 20022003 season, which indicates that this season was the most severe or cold of the winter
manatee seasons surveyed during this study. The 2002-2003 severe winter season was
also the season with the highest number of manatees observed, 393, and the highest
CPUE, 10.62 manatees/day. This also correlates with the synoptic survey data in Table
5, with the year with the highest heating degree-days, 24.98, in the 2002 -2003 season,
which coincides with the highest number of manatees observed, 393, and one of the
highest synoptic survey counts for 2002-2003, 1,813 for the East coast (highest) and
3,127 total for the state of Florida (second highest). This 2002-2003 season was the
coldest and most severe out of all the study years based on the heating degree-days and
air and water temperature data, and correlated with the highest manatee counts in this
study, as seen in Tables 3 & 4 and Figures 13-16 and 19-30. The lowest heating degreedays, 0.52, in the 1999-2000 season coincides with the data in Table 1, with the fewest
number of manatees being observed during the 2001-2002 season (46), followed by the
1999-2000 season (57), and the synoptic survey in Table 5, with the 1999-2000 (1,646)
and 2001-2002 (1,758) seasons having the lowest total counts, and the lowest East coast
count in the 1999-2000 (634) and 2001-2002 (864) seasons.
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Surveys were also conducted for FPL following winter cold fronts for all survey
years of this study by Mote Marine Laboratory (Table 6 and Figure 32). These surveys
were conducted using the intensive search method following the passage of severe or
prolonged cold weather in Florida from a high-winged Cessna 172 or 182 aircraft,
focusing on five power plants, including the Port Everglades (PPE) plant (Reynolds
2000).

Mote Marine Laboratory Aerial Count Data for
FPL Port Everglades Plant (PPE): 1999-2004
Season/Year

Total
Count

1999-2000
2000-2001
2001-2002
2002-2003
2003-2004

425
628
387
931
178

FPL - PPE Counts
CPUE
Total Count High Count
#/Survey
Per Survey
Days
106.25
134
157
290
129
285
186.2
265
89
155

Mean
Count
Per
Survey
106
157
129
187
89

Calves
%
6.4%
7.5%
6.7%
7.5%
9.0%

Table 6: Mote Marine Laboratory Aerial Count Data for FPL Port Everglades Plant
(PPE): 1999-2004 (Reynolds 2000; 2001; 2002; 2003; 2004)
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Comparison of CPUE from Mote Marine
Laboratory Aerial Count Data and Study Data
for PPE 1999-2004
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Mote Marine Laboratory Aerial Count Data by CPUE for
PPE
Study Data by CPUE for PPE
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Survey Year

Figure 32: Comparison of CPUE from Mote Marine Laboratory Aerial Count Data
and Study Data for PPE 1999-2004.

In the winter 1999-2000 season, four dates were surveyed: December 28/29,
1999, January 16, 2000, and February 8, 2000 (Reynolds 2000). In the winter 2000-2001
season, four dates were surveyed: December 21, 2000 (which was an abbreviated survey
due to air traffic), January 1, 5, and 24, 2001 (Reynolds 2001). In the winter 2001-2002
season, surveys were only flown on three dates: January 5 and 9, 2002, and March 1,
2002 (Reynolds 2002). Again, air traffic led to hasty surveys at the PPE (Reynolds
2002). In addition, this was the first survey conducted in the aftermath of the September
11th attacks, and low-altitude aerial surveys around power plants became extremely
difficult for the researchers to coordinate and conduct, and this trend can be seen in all
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subsequent survey years in this study (Reynolds 2002; 2003; 2004). In the winter 20022003 season, five surveys were flown: December 29, 2002, January 5, 9, 21, and 26, 2003
(Reynolds 2003). Also, air traffic once again led to hasty surveys at the PPE (Reynolds
2003). In the winter 2003-2004 surveys, only 2 survey dates were flown: January 22,
2004 and February 19/20, 2004 (Reynolds 2004). Air traffic once again led to hasty
surveys at the PPE (Reynolds 2004).
Some interesting trends and correlations came to light when comparing the data
from this study and the data from the Mote Marine FPL surveys above (as well as the
aforementioned FWC-FWRI annual synoptic surveys). Review of Table 2 and Table 6
above demonstrate that although both studies examined the percentage of calves for the
surveys, no direct correlation could be found. Besides the 2000-2001 season, this study
had a higher percentage in all survey years by +2.0 to 8.3 percent higher. This could be
due to the wider expanse of the study area in the Mote Marine surveys, which may have
changed the calf/adult ratio, with more calves being found in the warm water effluent
directly by the PPE, as this study demonstrated.
A comparison of total counts of manatees from Table 2 and Table 6 does correlate
the findings that the 2002-2003 season, the coldest winter season during the years of this
study with the highest figure for heating degree-days, yielded the highest counts of
manatees for both studies. This supports the alternative hypothesis (HA) postulated for
this study that there will be more manatees present in cooler months, and fewer in
warmer months, showing an inverse relationship between the number of manatees present
and temperature, and can be seen both is in this study and the Mote Marine Laboratory
aerial count data for the FPL Port Everglades Plant.
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Table 3 and Table 6 demonstrate that the Mote Marine Study had a higher CPUE
of total manatees sighted in a season over the number of survey days compared to this
study, which can also been seen in Figure 32. This finding is to be expected as they saw
higher numbers of manatees from their vantage point, over a larger geographic area, over
a smaller number of survey days. In the Mote studies, the observers note that manatees
generally bottom rested at PPE. This would mean that the higher vantage point in the
aerial surveys would yield higher, more accurate manatee counts as they would be more
visible to the observers as opposed to the vantage point of collecting data on land, as in
this study.
Table 1, Table 3, and Table 6 indicate that the highest CPUE and total counts
were seen in the season with highest counts from not only this study and the Mote
Surveys, but also the FWC-FWRI synoptic surveys, 2002-2003. This 2002-2003 season
was the severest winter of all the survey seasons, as seen in the air/water temperature
data, and especially the heating degree-days data in Table 3.
Data from manatee aggregation counts at warm-water effluents at power plants
may provide valuable insight into population trends in Florida (Ackerman 1995; Garrott
et al. 1995). Previous research in this area of regressed manatee counts at warm-water
effluent sites against daily air and water temperatures have demonstrated that the highest
number of manatees were present during the lowest temperatures (Hartman 1979;
Packard and Mulholland 1983; Garrott et al. 1995). Evidence from these and other
similar studies provide evidence that the number manatees wintering in Florida that
aggregate at and around warm-water effluents from power plants is correlated to recent
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temperature conditions (Packard and Mulholland 1983). This study coincides with these
findings.
Figure 6 shows the total manatee counts at Port Everglades by month during the
study years 1999-2004. The highest count each study year occurred in January, which
correlates to the lowest air and water temperatures of the season, as seen in Table 3 (air
temperature) and Table 4 (water temperature), and Figures 19 – 30.

Many studies

support these results of an inverse relationship between both the air and water
temperature with the numbers of manatees present. Reynolds and Wilcox (1986) found
that numbers at aggregation sites were inversely correlated with water temperatures, and
for PPE specifically, that the highest number of manatees were observed in the month
that had colder than normal air temperatures.

Reynolds also reported that manatee

abundance at PPE was correlated with ambient water temperatures in numerous studies.
Edwards et al. (2007: 2057) found that there was a “very strong negative relationship
between the probability of a manatee being in the warm-water discharge from the plant
and the ambient water temperature” in surrounding waters and that “the probability that a
manatee would use the warm-water discharge was inversely related to the ambient water
temperature” (r = -.096; p < 0.01) in the surrounding waters.
Diel activity patterns of manatees at warm-water sites are, for the most part,
influenced by the daily ambient water temperature cycles where the manatees usually
leave during the warmer times during midday and return when temperatures drop again at
night (Humphrey 1992). When it is especially cold, manatees will opt to remain at the
warm-water sites in an effort to conserve energy and may not risk venturing out into the
waterways to forage for food for more than a week (Humphrey 1992). Based on this
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information, all walking surveys were conducted in the early morning in order to achieve
the highest manatee count possible of manatees in the warm-water effluent canal at PPE.
Another parameter considered in this study was heating degree-days. Heating
degree-days are the cumulative total of degrees that the daily average air temperature is
below 18.3oC each day and summed over all the days of the year or season (Garrott et al.
1994). Hence, heating degree-days are a measure of winter severity. The data was
expected to and did show a direct correlation between high heating degree-days, or severe
winter, and high manatee counts at the survey sites.

Table 3 and Figures 13-16

demonstrate the heating degree-days, or years with highest winter severity, and the total
number of manatees observed. The higher the heating degree-days, the more severe, or
cold, winter this indicates. The year with the highest heating degree-days, 24.98, was the
2002-2003 season, which was also the season with the highest number of manatees
observed, 393, and the highest CPUE, 10.62 manatees/day. Garrott et al. (1994) also
found in their study that the number of manatees counted increased as the cumulative
number of degree-days increased.
Some survey errors were acknowledged during this study. Studies such as this on
the detection of large marine mammals have a detection probability of one-half to twothirds of all animals present (Garrott et al. 1994). Marine mammals such as manatees are
capable of remaining submerged for long periods of time in waters that are turbid with
overhanging vegetation (Garrott et al. 1994). In addition to the difficulty in detecting
manatees, observer error must be accounted for. Even when the same lead observer
conducts all surveys, as in the majority of surveys from this study, the observer may
become more experienced at sighting manatees over the duration of the study (Garrott et
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al. 1995). Also, this study relied upon secondary observers to assist them in spotting and
confirming manatee numbers and these secondary observers could change from season to
season with varying degrees of experience and ability.
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B.

Yearly Mortality Statistics

Figures 33-36 visually represent the manatee mortality data for all of Florida and
Broward County specifically for the survey years 1999-2004. As discussed at length in
the introduction, the primary anthropogenic cause of manatee deaths is watercraft strikes.
Figures 33 and 34 document manatee deaths by category for the survey years of 19992004 for all of Florida and Broward County, respectively.

Figure 35 supports the

findings and studies in the introduction that watercraft is the highest cause of manatee
mortality over the years of this study, with 478 deaths, or 26% of the total deaths.

Total Manatee Mortality Numbers for
Florida for Study Years: 1999-2004
Unrecovered
2%
Watercraft
26%

Flood Gate/
Canal Lock
2%

Other Human
2%

Cold Stress
9%

Natural
16%

Undetermined
23%

Perinatal
20%

Figure 33: Total Manatee Mortality Numbers for Florida during the study years
of 1999-2004, based on data from:
http://research.myfwc.com/features/view_article.asp?id=12084
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Figure 34 shows the same for manatee mortality in just Broward County over the
years of the study, with watercraft deaths being the highest once again at 20 deaths, or
38% of the known mortality.

Total Manatee Mortality Numbers for
Broward County, FL for Study Years:
1999-2004
Unrecovered
0%

Flood Gate/ Canal
Lock
2%

Natural
2%
Other Human
4%
Cold Stress
6%

Watercraft
38%
Perinatal
21%

Undetermined
27%

Figure 34: Total Manatee Mortality Numbers for Broward County, FL during the
study years of 1999-2004, based on data from:
http://research.myfwc.com/features/view_article.asp?id=12084
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Figures 35 and 36 graphically represent they yearly manatee mortality statistics
for both Florida and Broward County over the study years: 1999-2004. Figure 35 shows
a slightly variable, but fairly even number of manatee deaths over each year of the study
for the state of Florida, ranging from 15-21%.

Yearly Manatee Mortality Numbers for
Florida for Study Years: 1999-2004
2004
15%

1999
15%

2000
15%
2003
21%

2002
16%

2001
18%

Figure 35: Yearly Manatee Mortality Numbers for Florida during the study years of
1999-2004, based on data from:
http://research.myfwc.com/features/view_article.asp?id=12084
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Figure 36 tells a different story for Broward County. Here, there is a wider range
of manatee mortality by years, with 9-29%. For Broward County, 2000 was the year of
lowest manatee mortalities with only 4, constituting only 8% of the total known deaths.
Conversely, 1999 showed the highest mortality number with 15, representing 29% of
manatee deaths over the years of the study.

Yearly Manatee Mortality Numbers for
Broward County, Florida for Study Years:
1999-2004
2004
12%
1999
29%
2003
15%

2000
8%
2002
19%
2001
17%

Figure 36: Yearly Manatee Mortality Numbers for Broward County, FL during the
study years of 1999-2004, based on data from:
http://research.myfwc.com/features/view_article.asp?id=12084

This is encouraging because the total number of manatee deaths has decreased
overall during the course of this study, while the population count data from this study,
Mote Marine Laboratory, and the FWC-FWRI annual synoptic surveys have remained
steady or increased. A general conclusion would be that while the manatee population
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appears to be steady or slightly increasing, the mortality rate is steady for the state of
Florida, but generally decreasing in Broward County over the study years of 1999-2004.
Figure 37 is a comparison of CSS mortality numbers from the FWC for the state
of Florida to the data of total manatees present at PPE collected in this study. It is
concerning in that in the 2001-2002 season, when the number of manatees observed was
lowest of this entire study, that the manatee deaths attributed to CSS were 31,the second
highest of the time period that this study spans. This increase in the 2001-2002 season in
the manatee population due to CSS was alleviated in the following 2002-2003 season.
The 2002-2003 season saw the highest recorded count of manatees at PPE for this study,
and decrease in the number of CSS deaths, to 17, identified in the state of Florida.
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Comparison of Cold Stress Syndrome (CSS)
Mortality Figures from the FWC to Study
Data of Total Counts of Manatees at PPE
CSS Mortality Numbers for Florida
Study Data - Total Counts per Season at PPE
Percentage of CSS Mortality per Counts at PPE
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450

0.00%
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Figure 37: Comparison of Cold Stress Syndrome (CSS) Mortality Figures from the
FWC to Study Data of Total Counts of Manatees at PPE.
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C.

Legal Status

Interestingly, manatees have actually been “legally” protected in Florida since 1893,
which coincided with the time when people began to comment on the increasing rarity of
the species, mainly because of hunting (Reynolds & Wells 2003).

Manatees were

granted sanctuary in Florida as early as the 1700’s, and over the years the public has
begun to sympathize with these gentle creatures (Douglas 1982). This was mainly due to
the species facing eminent extinction and the careless boaters that were facing steep
penalties and fines (Douglas 1982). Today, the West Indian manatee has been added to
the federal endangered species list and, as mentioned previously, population estimates are
around 3,802 individuals.
State manatee concern dates back to 1907, when a Florida law established that any
person who killed or molested a manatee would be faced with a $500 fine (Douglas
1982). But it was in 1967 that the manatee was officially designated as an endangered
species.

The legislation that finally put “teeth” into manatee protection was the

Endangered Species Conservation Act of 1969 and the Marine Mammal Protection Act of
1972 (Douglas 1982). Authority was given to federal officers to enforce laws against
harming manatees, and today violators can face up to $20,000 in fines or a year in prison
(Douglas 1982).
The West Indian manatee is classified as endangered under the U.S. Endangered
Species Act of 1973 and is protected under the U.S. Marine Mammal Protection Act of
1972, the Florida Endangered and Threatened Species Act of 1977, and most recently, the
Manatee Sanctuary Act of 1978. The Florida manatee is listed as “endangered” by the
provisions of the Endangered Species Act of 1973 and is considered a “strategic stock”
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under the Marine Mammal Protection Act of 1972 (U.S. Fish and Wildlife Service 2002).
The Manatee Sanctuary Act of 1978 was a far reaching law under the FWC that considers
the entire state of Florida to be a manatee sanctuary and authorizes managers to prohibit
human activities in particular locations as deemed necessary (Reynolds & Wells 2003).
This act also serves as the authority under which boat speeds are regulated in designated
zones where manatees are abundant or where deaths from boat strikes are prevalent
(Reynolds & Wells 2003). The West Indian manatee is listed as “endangered” in the
United States because of what is perceived to be an excessive mortality rate, much of
which has been attributed to various human causes (O’Shea et al. 1985).
Under the Marine Mammal Protection Act of 1972, it is unlawful to “take” (as
defined as the act or attempt to harass, hunt, capture, or kill) any manatees, import them
or any of their products, to use any port or harbor under U.S. jurisdiction for any purpose
connected with the unlawful take or importation of manatees.
The Endangered Species Act of 1973 prohibits “taking” of endangered species, which
includes habitat modifications that may actually kill or injure wildlife, authorizes the
federal government to acquire habitat for conservation purposes, and to designate areas as
“critical habitat” for endangered and threatened species, such as the manatee.
Florida manatees are also protected from harassment by the Florida Manatee
Sanctuary Act of 1978 (Ripple 1999). Under this act, anyone convicted of violating state
laws face a maximum fine of $500 and/or imprisonment for up to 60 days. Conviction on
the federal level is punishable by a maximum fine of up to $50,000 and/or one year in
prison. Feeding the manatees, giving them water, or in any way altering their natural
behavior could be considered harassment under this act (Ripple 1999).
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In 1989, the Florida Governor and cabinet approved a series of recommendations to
improve the protection of manatees. The major part of the recommendations was the
development of manatee protection plans (MMPs), to be developed by local governments
to address boat facility siting policies, habitat protection, local educational efforts, law
enforcement, and waterway use regulations (Harman & Arnold 2000). These MPP’s
could also include solutions for manatee deaths related to locks, water control gates, large
vessels, and fishing gear. Since the designation of 13 “key” counties in 1989, all have
successfully completed MPP’s and have since implemented plans with state approval,
with Broward County being the final key county in 2008 (Hartman & Arnold 2000;
Broward County Environmental Protection and Growth Management Department
Biological Resources Division 2008).
Since the first boat speed zones appeared in 1979, more and more areas for even
transient manatees now have speed regulation signs.

The USFWS also has some

authority over the boat operations, but also designates refuges and sanctuaries, which are
restricted to use in many area of Florida (Hartman & Arnold 2000). Also, permit review
allows permitting agencies to decide whether or not a proposed facility will have more
direct impacts on manatees as a result of increased boat traffic. Such agencies as the
USFWS, FWC, US Army Corps of Engineers, and the DEP review these permits
(Hartman & Arnold 2000).
The Florida manatee was first added to Florida’s imperiled species list as a threatened
species in 1974 and later elevated to endangered status in 1979 (FWC 2007a). In 2001
the FWC received a petition to reclassify the manatee, and since that time the State of
Florida has begun consideration of down-listing the Florida manatee from endangered to
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threatened. “Threatened” is defined in the state rule as “having a very high risk of
extinction” (FWC 2007a). Phase 1 of this process was completed in June of 2006 when
the FWC Commissioners accepted the findings of the biological review panel (FWC,
2007a). Phase 2 requires the development and Commissioner approval of a management
plan before the Florida manatee can be reclassified (FWC 2007a). The Florida manatee
was last evaluated by a biological status review in 2006 and the resulting management
plan was published in December 2007. The management plan lays out a 3-5 year process
that involves the following steps: implement peer-reviewed and statistically sound
methods to estimate the manatee population and monitor trends; reduce human-caused
annual manatee mortality rate by minimizing human-related threats; develop and
implement plans with electric utilities to prevent significant future manatee morality
cause by potential changes in power plant operation; establish minimum flows at Florida
springs that protect the warm-water habitat requirements of manatees, in cooperation with
the water management districts; enhance management practices that ensure sufficient
abundance and distribution of seagrasses and freshwater vegetation for manatees; use
measurable biological goals (MBGs) in an ongoing fashion to measure progress towards
recovery and for further research, regulatory, and management actions (FWC 2007a).
The down-listing of manatees to threatened, if the change is approved, under the state
system means that they are still at a very high risk for extinction (FWC 2007a).
Commissioners voted to approve this Florida Manatee Management Plan from the FWC
(2007a) in December of 2007, which is Phase 1, but also voted to defer the proposal to
reclassify the manatee from endangered to threatened on the states’ imperiled species list
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(FWC 2007b). The FWC is proceeding with the final phase of reclassification based on
the 2007 management plan.
The main goal of any future management plan is to restore the Florida manatee
population to a level that will permit the down-listing from endangered to threatened
under the Provisions of the Endangered Species Act of 1973. More management is
needed to prevent the other direction, or the eventual extinction of the Florida manatee.
The long-range goal is to restore the Florida manatee to optimum sustainable population
levels under the Marine Mammal Protection Act of 1972, and to continue to maintain
populations at that level. The USFWS Manatee Recovery Plan (2001) states that if the
current manatee population trend results in stable or increasing numbers over an adequate
period of time, the Florida manatee could be considered for down-listing from
endangered to threatened.

D.

Power plant Repowering & Deregulation

The importance of this study, and others like it, is to demonstrate the high level of
use and site fidelity of the Florida manatee to manmade, artificial warm water refuges
today. Florida manatees survive their limited tolerance of cold by aggregating at warmwater discharges from Florida power plants as well as natural warm-water springs during
the winter (Laist & Reynolds 2005a). Researchers continue to be concerned regarding
the fate of manatees when the warm-water discharges they rely upon in winter from
power plant production disappear in the future (Reynolds 2004). The cold fronts that
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affect Florida in the winter season can produce “lethal” ambient water temperatures for
manatees around the power plants that manatees aggregate at in winter (Reynolds 2004).
Manatees that winter in colder waters occupy marginal habitat outside of their
natural range, and are therefore most susceptible to cold stress. This is where the warmwater refuges extend the manatees’ natural range outside of warmer, safer waters. Before
the establishment of power plants throughout Florida in the 1950’s, the manatee’s winter
range was largely restricted to areas south of Charlotte Harbor on the Gulf Coast and the
Sebastian River on the Atlantic Coast (Scott 2004). Laist and Reynolds (2005a) astutely
point out that many of these power plants upon which manatees depend will soon be
retired, and that when this occurs, the idea is that manatees will simply move to warmer
areas in southern Florida. Instead, the reality may be that they will return to and stay near
retired plants due to site fidelity and succumb to high levels of CSS related deaths,
leading to a decline in abundance that this population may not be able to recover from, as
they are an endangered species.
Further studies point out the fact that the presence of warm water discharges at
power plants in Florida influence the number of manatees exposed to cold water in
winter, especially if the power plant shuts down for a period of time during a cold spell
and ceases discharging warm water, the implication being that human activities may be
affecting the extent of “natural mortality” in manatees (Reynolds & Wells 2003).
The fact that manatees are vulnerable to cold winter weather, in the form of CSS
that can lead to death, creates a susceptibility that may present an enormous problem for
manatees with the advent of new, cheaper means by which to produce electricity. It is
“probable that some of the power plants on which manatees depend for warm water in
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winter may cease to function in the near future” and that within a “few decades, power
production as we know it today will have disappeared – and with it, important sources of
warm water for manatees” (Reynolds & Wells 2003).
Friel et al. (2001: 1) pointed out that in the 21st century, energy industry de-regulation
and “technological obsolescence” may lead to the retirement of some of these power
plants, and if “these warm water sources disappear, these animals will either have to
decide quickly to abandon areas they have learned to depend upon, or they may die.”
The elimination or “repowering” of old power generating plants that use natural water
sources to cool their systems and create warm water effluent could lead to the death of
many

unsuspecting

migrating

manatees,

especially

calves

and

sub-adults.

Correspondence with FPL confirms these fears. “Based on the Clean Water Act, any
plant built after 1972 has to have off stream cooling (such as a cooling tower or cooling
pond) so they can meet the thermal effluent standards. Therefore, only the older (pre
1972) power plants have warm water discharges” (W. Perkins, personal communication,
April 22, 2005). “However, plants that have been repowered can continue to utilize their
same original cooling system if the condenser remains the same” (W. Perkins, personal
communication, April 22, 2005). So, there is hope for the manatees with site fidelity who
return to a warm water effluent that is no longer there in terms of either utilizing the same
cooling system as in the past, or in some cases, creating an artificial warm water effluent
completely independent of the power facility.
A secondary concern related to power plants no longer producing the warm water
effluent that manatees rely upon is that of deregulation. As mentioned previously, the
distribution of these warm-water sources throughout Florida's coastal habitat has
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allowed manatees to not only extend their winter range, but also prevent what would
catastrophic losses during times of extreme cold (Rose 1997). Rose (1997: 1) points
out that “after several substantial and near-catastrophic losses of manatees due to
cold weather at some of these facilities, and through years of close cooperation
among the utility companies, the U.S. Fish and Wildlife Service (USFWS), the U.S.
Environmental Protection Agency (EPA), and the Florida Department of Environmental
Protection (DEP), it deceptively appeared we were close to ensuring that we could
provide manatees with secure warm-water sources for many years to come”. One
of the victories for manatees was requiring, as a condition for the National Pollution
Discharge Permits (NPDES), the adoption of Manatee Protection Plans, which
maximized the reliability of the heated discharge from each utility that was already
attracting manatees (Rose 1997).
Another issue is that Florida will soon be facing deregulation of the retail electric
power utility industry. The future deregulation will most certainly lead monumental
consequences for manatees and Florida's environment (Rose 1997). Deregulation, and
therefore competition, will mean more power for less money, with the bottom line
driving decisions, and with environmental concerns receiving less attention, as these are
expensive to address (Rose 1997). This will lead to power companies attempting to
operate only those facilities producing the cheapest power, perhaps running a plant for
only a week or purchasing power from another state, which will lead to unpredictable and
unreliable warm-water discharges (Rose 1997).
The other side of this fear of loss of warm-water refuges is also from the loss of
major natural springs that may no longer produce enough warm water to protect manatees
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during cold winter weather, due to the fact that “human use of the underground aquifer in
Florida, along with some recent droughts, has lessened the flow of warm water at
important natural warm-water discharges such as Blue Spring” (Reynolds & Wells, 2003:
27). A study by Laist and Reynolds (2005b) stated that the majority (75%) of Florida
manatees depend on the localized warm-water refuges found in the southern two-thirds of
Florida in order to survive the winter, with about 60% using the effluents from 10 power
plants, while only 15% use 4 natural warm-water springs. As the future availability of
both kinds of these refuges are in jeopardy, with power plants being retired and
groundwater use by humans, the possible impact on manatees could be catastrophic.
Unfortunately few viable options for the care of manatees when they become quite
literally “left out in the cold,” and only the Florida Power & Light Company has, to date
(as of 2003), provided specific recommendations for development of new, nonindustrial,
sustainable warm-water sources in areas used by manatees in winter (Reynolds & Wells
2003).
The concern with this loss of warm-water refugia stems from the site fidelity of
manatees to certain warm water areas, as seen in photo-identification studies of manatees
(Langtimm et al. 2004). According to Reynolds and Wells (2003: 27), “when manatees
lose their sources of warm water in winter, some animals may not know to move south to
warmer water, and they may perish” and “others that migrate south may become tightly
packed in the southern parts of Florida for longer periods of time than is the case today”
which may result in overgrazing of their food resources, which may affect health and
reproduction. A further concern related to this is that the “survivors” will spend more
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time in waters that are completely urbanized and heavily traveled by watercraft, leading
to high levels of stress, injury, and possible death (Reynolds & Wells 2003).
The United States Marine Mammal Commission and Committee of Scientific
Advisors on Marine Mammals (1988) foresaw that an additional threat to manatee habitat
would be the disruption of heated effluent at artificial warm-water refuges. They stated
that “although these warm-water refuges may eventually be eliminated when and if plants
are closed, a more immediate concern is possible interruptions in the availability of warm
water during winter periods as a result of scheduled shutdowns for maintenance or
reductions in operations” (United States Marine Mammal Commission & Committee of
Scientific Advisors on Marine Mammals 1988).
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VII.

SUMMARY AND CONCLUSIONS
Findings indicated that there was an inverse relationship between the number of

manatees present and both air and water temperature, supporting the alternative
hypothesis (HA) is that there will be more manatees present in cooler months, and fewer
in warmer months, with an inverse relationship between the number of manatees present
and temperature.
Over a period of years, the trend in manatee counts in Port Everglades will
provide data that may reflect the general trend in the size of the population, and thus can
be used as an index to the growth or diminution of the population. This study and others
like it, such as the aerial and annual synoptic surveys referenced above, provide
researchers with vital information related to manatee population numbers and trends.
They also demonstrate the importance and use of warm-water effluents for manatees in
Florida.
Due to the movements of manatees into and out of the Power Plant, they are at
risk of boat collision in the congested seaport during this time of year. Recently, the
Florida state legislature has attempted to down-list the Florida manatee from an
endangered to a threatened species within the state of Florida in order to ease some of the
boating restrictions. Such a down-listing may increase the threat to manatees in certain
areas. The results of this study could aid in the continued protection of the manatee
within winter refuges such as Port Everglades. Since the status of the manatee population
is still uncertain, it is imperative that the monitoring of the manatees in this area
continues. Furthermore, protective measures should continue to be enforced and possibly
even strengthened.
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